Soil and Environmental Factors as Predictors of Cubic Volume Growth in
California Mixed Conifer Stands

The Northemn California Soil - Site Cooperative
Research Note No. 1
January 12, 1989

by
Greg S. Biging, Paul J. Zinke, and Jacob R. Winn!

ABSTRACT

This report describes the development of models to predict the cubic foot productivity of
second-growth mixed conifer forest stands in Northern California. These models are
developed using only soil chemical and physical site factors or forest stand factors and
also using ail information combined. Thus, a forest manager can obtain estimates of
productivity for bare soil conditions based on soil chemistry, or she can obtain efficient
estimates of productivity based upon stand factors alone. In both cases predictions are
improved when both stand and soil chemistry factors are used for prediction.

INTRODUCTION

Research in the area of soil-site productivity has usually focused on predicting site index
as a function of soil physical and chemical properties and topography (cf e.g. Alban,
1974, Payandeh, 1986, Schmidt and Carmean, 1987, and Wall and Loewenstein,
1969). This technique is valuable when it is difficult or impossible to find adequate site
index trees (Schmidt and Carmean, 1987 and Munn and Vimmerstedt, 1980).

Many soil-site studies have been conducted in the United States. Results of these studies
vary with different species, regions, soils, topography and climatic conditions (Schmidt
and Carmean, 1987). While there have been many studies, few have been conducted in
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the important mixed conifer forest type of California. Zinke (1960) found that the site
index of Ponderosa pine (Pinus ponderosa Laws.) is related to the total nitrogen content
of the soil. The relation of site index to soil depth was developed from data obtained by
the soil-site evaluations of the California Cooperative Soil-Vegetation Survey (Zinke,
1958).

Soil - site studies have been conducted in the mixed conifer forests of the Northern
Rocky Mountains, notably in Idaho and Montana. Wall and Loewenstein (1969) studied
the relationship between grand fir site index and soil and topographic factors. They
found that topography, depth, texture and color of soil was related to site index.
Working in lodgepole pine stands in western Montana, Holmes and Tackle (1962)
found that most of the variation (86%) in the height growth of dominant trees was
explained by the stand characteristics of trees per acre, crown-height ratio, average
diameter of the dominant trees, and the reciprocal of the average age of dominant trees,
When soil variables were added to the equation (such as the percentage silt plus clay in
the B horizons weighted by the effective depth of the B horizon, available moisture,
orgamic matter, nitrogen, exchangeable phosphorus and potassium in the B horizon)
there were only minor improvements to the height predictons over using stand

characteristics alone.

Brown and Loewenstein (1978) studied Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco) and grand fir (Abies grandis {(Dougl.) Lindl.) in mixed conifer stands in
Northern Idaho. They found that soil and topographic variables explained 70% of the
varniation in height of site trees. Soil physical properties explained 36 percent of the
variation in site indices; $oil chemical values explained 23 percent of the variation, and
topographic features accounted for 11 percent. Important soil variables included
extractable calcium, exchange acidity, cation exchange capacity, organic matter, total
nitrogen, and soil to rock ratio of the buried soils.

Generally speaking, most researchers studying even-aged relatively pure single-species
stands have found poor cormrelation between site index and soil factors and lesser
vegetation (Broadfoot, 1969, McQuilkin, 1976, Payandeh, 1986, and Monserud et al,
1986). The generally low correlations may be attributable to the improper identification
and measurement of the true causes of site productivity such as nutrient availability
during the growing season, soil aeration and physical conditions such as root growing
space (Broadfoot, 1969).



Alternatively, site index may not be the best measure of site productivity (Carmean,
1975 and Monserud et al, 1984). Analyzing the causal environment (Lee and Sypoit,
1974) is an alternative means of estimating site quality. Kozlowski (1982), for exampie,
has shown that water availability has a strong effect on forest productivity, Measures of
available water, derived from an annual water balance equation, have been shown to
exhibit correlation with productivity (Giles et al, 1985). Since plant growth is controlled
by the processes of transpiration and photosynthesis, McLeod and Running (1987) used
a process model to calculate leaf area index, available water index and estimates of
seasonal photosynthesis for even aged ponderosa pine stands in Western Montana. They
found that for these ideal stands, several measures of productivity ranked stands
equivalently. These indices included site index, leaf area index, and an available water

index.

In the complex second-growth mixed conifer stands sampled for this study, the
traditional definition of a site index is not entirely satisfactofy, since most trees have
experienced suppression at some point in their development. Thus, in this paper we
focus on cubic foot volume growth as an alternative measure of site productivity. The
use of cubic foot volume growth is not typically used since repeated measurement of the
trees or stem analysis at each study locaton is required. Hence, most researchers opt for
the simpler method of relating site index to soil factors and topography. In this paper we
also investigate several measures of available moisture relative to site productivity.

In our next research note we will analyze the ability of soil chemical and physical factors
along with stand and site variables to predict site index. The two productivity measures
will be compared.

METHODS

Data for this study were provided by the Northern California California Forest Yield
Cooperative's growth and yield project and the soil-site project. Thirty-nine cluster
locations (see Figure 1) were established to obtain tree and soil measurements within
four geographical regions (see Figure 2).

The tree measurements were taken on thirty-nine clusters. Thirty-one of these clusters
contained three one-fifth acre (0.08 ha) plots each and eight clusters contained two one-
tenth acre (0.04 ha) plots each. The plots were located at the vertices of an equilateral
triangle with side lengths equal to 198 feet (three chains), The eight clusters containing
two one-tenth acre plots, however, had plots which were located 198 feet apart,
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Every plot was stem: mapped and DBH, total height, and crown length were recorded for
trees greater than 6 inches (15.2 cm) in diameter at breast height (DBH). On each plot,
approximately one dozen trees were felled. Four to six dominants (two to three for each
of the two most prevalent species in the overstory) were chosen randomly for felling
from the plot as site index trees. Up to seven additional trees were felled for stem
analysis on each plot and were randomly selected, but proportional to their
representation in the following diameter classes: 6-10.99"; 11-12.99"; 13-14.99"; 15-
16.99"; 17-18.99"; 19-20.99"; and >20.99" which correspond to 15.2-27.9 cm; 27.9-
33.0 cm; 33.0-38.1 cmy; 38.1-43.2 cm; 43.2-48.2 cm; 48.3-53.3 ¢m; and »53.3 cm.
No more than four trees were selected from any one of these diameter classes. This
method ensured that trees would be selected from all size classes, but in approximate
proportion 1o their occurrence on the plot.

Esch tree selected for stem analysis was felled and discs (1-2 in (2.5-5.1 cm) thick) were
taken at stump height (1.5 ft (0.46 cm)), breast height, and subsequent log lengths (16.5
ft (5.03 m) or 20.5 feet (6.25 m)). Each disk was tagged and photographed.
Laboratory analysis to determine age and annual radial growth from the photos followed

"aprocedure given by Biging and Wensel (1984) in which a digitizer was used to record
the Cartesian coordinates of annual ring boundaries from the pith to the outer edge of a
disc.

Five-year cubic foot volume productivity was calculated on each of the stem analysis
trees. Because not all trees on a plot (or cluster) were felled for stem analysis, the non-
felled wrees' five-year cubic foot volume growth was estumated using the California
Conifer Timber Qutput Simulator (Wensel, Meerschaert, and Biging, 1987). First, the
growth model was calibrated to each cluster to ensure that the growth predictions would
be accurate. The calibration factor used was the ratio of the observed growth for the
stem analysis trees to the predicted growth for those trees. This adjustment ensures that
the total predicted volume growth for these trees will equal the total observed growth.
This calibrated model was then used to estimate the five-year cubic foot volume growth
of all the non-felled tees on each plot using the cluster ratio adjustment.

Total growth on each plot was then the sum of the growth of the felled trees and the non-
felled trees expanded to a per acre basis. By averaging the per acre growth based on
either two or three plots per cluster, a cluster average was calculated. The cluster
average for cubic volume growth is used in subsequent analysis with soil chemical
values, physical site factors, and stand factors.
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The soil sampling consisted of one representative soil profile to be described and
sampled by the Soil Conservation Service (Soil conservation Service, 1975) and five
satellite soil samples 1o be collected from the cluster area to evaluate soil variability. The
profile description included soil depth, color, texture, structure, coarse fragments, pH,
degree of horizonation, toots and pores, and general site factors of slope, aspect,
elevation, and climatic regime. Soil samples included one two quart sample per horizon
with 3 samples from the surface 12 inches and 2 samples from the 12 to 48 inch depth.
Additonally, bulk density samples were collected for each horizon. The satellite
samples included 5 additional samples from the cluster area taken to evaluate site
variability. Each satellite sample consisted of five subsamples from the 7 to 9 mch
depth.

Horizon sample were analyzed for the for the sotl properties listed in Table 1: organic
carbon, nitrogen, phosphorous, cation exchange capacity, percent base saturaton,
manganese, mineralizable nitrogen, available soil moisture, and soil depth. All analyses,
except for mineralizable nirogen, were completed according to the procedures described
by Black et al. (1965): carbon by combustion; nitrogen using the Kjeldahl method; cation
exchange capacity by pH 7.0 ammonium acetate extraction and then measurement with a
Perian-Elmer Model 303 atomic absorption spectrophotometer; percent base saturation
by dividing the sum of the Ca, Mg, K, and Na equivalents with the cation exchange
capacity and then muldiplying by 100; available phosphorus by water soluble extraction;
ang available soil moisture by calculating the soil moisture retention difference between -
15 and -1/3 atmospheres of pressure. Mineralizable nitrogen was determined by
measuring Kjeldahl nitrogen after a sample of the soil had been incubated for two weeks
(Powers, 1980).

The horizon values were then summed to a depth of one meter or the bottom of the soil
profile {whichever came first) and their units converted to values per square meter of
soil; thus one can think of this as a measure of a given property per cubic meter of soil
for soils that are a meter or more deep and something less than a cubic meter for
shallower soils. This measure attempts to be proportionate to the amount of an element
in a soil with which a tree normally comes in contact.

The water balance variables -- potential evapotranspiration, runoff, and tanspiration

during the growing season -- were calculated using Regimed, a water balance program

by Warrington and Weatherred (1983}, which is based on the water balance model of

Thornthwaite and Mather (1955). The required input variables -- latitude, slope,
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azimuth, available soil moisture, soil depth -- were measured for each cluster. However,
rainfall and temperature data -- average values as of 1987 -- had 1o be extrapolated from
the nearest weather stations (National Oceanic and Atmospheric Administration, 1987).
Potential evapotranspiration is the amount of water that can potentially evaporate from an
open pan at the site. Runoff is the amount of excess precipitation at the site that cannot
be held in the soil and therefore runs off. Evapotranspiration is the amount of water used
by vegetation during during the growing season.

The carbon level was ranked according to Weibull Distributions of carbon levels in mixed
conifer forests determined by Zinke (1986).

The data set used for this final analysis as predictors of cubic volume growth contains
the following three categories of variables: (1) measurements of soil chemical properties,
(2) measurements of physical factors of the site, and (3) measurements of various stand
characteristics. Al of these variables are shown in Table 1. Although numerous other
factors were measured, they were eliminated from the data set after preliomnary screening
showed that they were not useful predictors of growth.

The data set was stratified by wet and dry sites, using the sample average of
approximately 8 cm as a cutoff; soils with less than 8 cm available soil moisture were
grouped as dry sites, while those with § or more cm of available soil moisture were
grouped as wet sites. This was done with the hope that different environmental factors
would control tree growth on the different types of sites and that separate models would
more effectively predict growth for the different data sets. Thus, analysis was then done
separately on the complete data set and then on the two subsets,

All analyses were completed using SAS software (SAS Insatte, 1982). Using multiple
stepwise regression (the STEPWISE procedure), the data sets were analyzed in order to
look for useful relattonships. Initially, cubic volume growth was analyzed against
environmental factors only, and using this process, the most significant and interpretable
variables were kept, while the others were discarded. Thus, from this process base
models were developed which predict growth from only a few environmental factors. In
discussing the failure of his soil-site equation to adequately predict site index on an
independent sample of plots, McQuilkin (1976} noted that there was a high degree of
correlation among the independent variables which obscured the relation between any one
s0il factor and site index. Because of the high autocorrelation between soil factors
measured in this study, we eliminated some of variables to produce a "base model”



which provided good predictions, minimized the autocorrelation problems observed by
McQuilkin, and are more interpretable.

Regression analysis (the REG procedure) was then used for the selected base models,
stand variables only, and finally for stand variables combined with the base models for
each data set. Thus the ability to predict growth from environmental variables, stand
variables, and environmental and stand variables combined could be compared.

RESULTS AND DISCUSSION

Three different types of results for each data set are presented: (1) growth prediction
based on a soil and physical site factors only; growth prediction based on forest stand
variables only; and growth prediction based on both soil and physical site factors and
forest stand factors. The means, standard deviations, minimum values, and maximum
values for these factors are listed in Table 2. The first model has the advantage of
allowing growth predictions when no suitable forest stands are available for
measurement and only soil and physical site factors can be measured. The second model
allows prediction simply from stand variables, which is efficient if a suitable stand is
present. The third model, although more complicated than either of the first two models,
gives the strongest predictions of growth,

Environmental Factors Only

Inigally stepwise procedures were performed for the 3 data sets (all data combined, wet
sites, and dry sites), These regressions (See Table 3) show which variables are
correlated with the dependent variable {(cubic foot growth). However, we wanted to
derive a simple, more interpretable model which summarized important variables, at least
some of which were common to all three data sets. These three base models finally
selected are presented in Tables 4-6. They differ, yet contain a common set of variables,
and across all models the signs of the coefficients are consistent. The predictve value of
the base model for the complete data set is strongest with an adjusted R2 value of 0.46,
which compares with a R2 value (unadjusted) of 0.53 for the "full” model selected by
the STEPWISE procedure which contains 8 variables.

Some of the coefficients, at first glance, may seem counter-intuitive and therefore need
explanation. It is important to keep in mind that the clusters do not represent all possible
site qualidies, but, instead, range from moderate to good. Thus, these environmental



factors are less likely to show as strong a relationship to growth as they would if sites of
extremely different qualifies were being compared.

Cation exchange capacity is positively related to growth as expected. It represents the
amount of cations -- such as potassium, calcium, and magnesium -- that can be held by
the soil in a form available to plants. Base saturation -- the percent of the cation
exchange capacity occupied by potassium, magnesium, calcium, and sodium -- however
is negatively related to growth. This can be explained by considering cation uptake by
the stands; fast growing stands take up more cations than slow growing stands. Thus, in
stands with high cubic volume growth, much of the cation content has been taken up and
stored in the trees. While cation exchange capacity is a reladvely constant measure of the
ability of the soil to supply cations, base saturation fluctuates with growth of trees, fast-
growing stands taking up more than slow-growing stands.

Mineralizable nitrogen is also negatively related to tree growth. Powers (1980) found
that mineralizable nitrogen at low levels shows a positive linear relationship with mean
annual increment. However at levels higher than 12 ppm, the relatonship is difficult to
define, probably remaining positive to about 20 ppm and then leveling off. Our data --
with a mean of 49.36 ppm and a standard deviation of 29.87 ppm (See Table 2) -- do not
span such a wide range of site conditions and, therefore, probably reflect the portion of -
the curve after it has leveled off. Also it should be noted that our soil samples were
stored before measurement of mineralizable nitrogen, which could have contributed to the

wide vaniation in our results.

Elevation is positively related to growth, possibly because the lower elevation sites tend
to be drer. If the clusters had been located at higher elevations, this relationship could
have been reversed, with growth decreasing as average temperatures decrease with

increasing elevation.

Slope is positively related to growth, perhaps because as slope increases, so does the
volume of soil available to each stand of a given area. Since trees grow vertically,
regardless of what the slope is, they have access to an increasing volume of soil as slope
mcreases. In extreme cases, the positive relationship might not hold true, becaunse factors
such as soil depth decrease with increasing slope. However, it should again be stressed
that these clusters do not represent the entire range of site conditions for mixed conifer
forests, but, rather, represent moderate to good conditions.



We had expected that measures of available soil moisture (potential evapotranspiration,
runoff, and transpiration) to be important predictors of site productivity. One reason for
their lack of inclusion may be due to the limitations in the input data required for
determining water balance with Regimed4. Rainfall and temperature data were
extrapolated from the nearest weather stations and in mountainous terrain the distance
between stations is significant. The extrapolation process may have obscured the
underlying relations between available moisture and productivity. Development of a
modeling system for extrapolating weather variation in mountainous terrain as per
Running et al (1987) may be required to improve the predictive capability of this variable.

Stand Factors

Tables 7 through 9 show model fitting results for cubic volume growth of stand factors
only. Regardless of the data set (all data, wet sites or dry sites) four stand variables were
important. The adjusted RZ values were 0.60, 0.48, and 0.66, respectively for these
data sets. In general, the stand variable models were superior predictors over the models
based on environmental factors.

All Factors Combined

Tables 10 through 12 show the model fitting results when stand factors, soil factors, and
physical-site factors are combined. The highest R2 values are obtained when all
variables are included. For the complete data set the adjusted R2 value is 0.73, an
increase of 0.13 over the model including only stand variables; for the dry site data set
the adjusted R2 value is 0.74, an increase of 0.08 over the stand-variables-only model.
And for the data set including only wet sites the adjusted R2 is (.74, an increase of 0.26
over for the stand-variables-only model. Thus, soil and physical site factors can improve
the predictive strength of a stand-variables-only model and visa versa.
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Table 1. Variables used in final analysis as predictors of cubic volume growth.

Variable Description

Soil Chemical Factors

botc organic carbon (kg/m?2)

botmn Kjeldahl nifrogen (g/m?2)

botp water soluble phosphorus (g/m?)
botmn extractable manganese (meg/m?)
botcec cation exchange capacity (eq/m?)
minn mineralizable nitrogen (ppm)
basesat percent base saturation (eq/m?)
mke ranked organic carbon (percent)
Physical Site Factors

botasm available soil moisture (inches)

elev elevation (feet)

slope slope (percent)

depth soil depth (inches)

pet ' potental evapotranspiration (inches)
nunoff calculated runoff {inches)

trans calculated transpiration from April through Ociober (inches)
X1 forest region 1

X2 forest region 2

X3 forest region 3

X4 forest region 4

Stand Factors

ba basal area (ft2)

site average site index (ft)

ringsm average age of dominants and codominants {(years)
tpa trees (> 6 in.) per acre

____________________________________________________________
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Table 2. Surmary statistics for the wvariables used in final analysis.

VARIABLE N MEAN MINIMUM MAXIMUM STANDARD

VALUE VALUE DEVIATION
BOTC 39 12.463 3.041 30.424 6.303
BOTN 39 567.765 135.350 1299.580 278.354
BOTP 39 172.005 11.373 1266.794 258.633
BOTMN 3% 1.28¢ 0.215 4.425 0.984
BOTCEC 39 105.472 28.470 190.330 41.740
MINN 39 49.362 1.700 153.600 29.874
BASESAT 39 39.7385 3.190 101.289 22.719
RNKC 39 45.1e62 0.001 28.000 32.487
BOTASM 39 7.323 0.000 17.652 3.648
DEPTH 39 117.795 43.000 172.000 26.023
ELEV 108 4359.583 2700.000 6800.000 870.95¢
SLOPE 107 18.888 2.000 60.000 14,239
ASPECT 107 187.19¢6 0.000 353.000 95.466
PET 108 62.991 3%.000 80.000 9.768
RUNOFF 108 163.29¢6 47.000 167.000 28.068
TRANS 108 20.277 9.370 31.690 4.442
SITE 108 72.029 52,405 108.692 12.872
BAa 108 200.956 28.217 414.525 76.445
RINGSM 108 66.768 29.250 112.500 16,302
TPA 108 216.806 35.000 470.000 95.270
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Table 3. Summary of INITIAL medel chosen multiple stepwise
regression (STEPWISE procedure) for data sets including (a)
all study sites, (b) dry sites only, and (c) wet sites only.

a. all study sites

variables in solution sign of coefficient
botcec + R? = 0.53
basesat - F = 14,08
botmn - ¢ = 0.10
elev +
slope +
minn -
rnkc -
depth +

b. dry study sites

variables in solution sign of coefficient

botasm - - F = 8,57
basesat - ¢ = 0.10
botmn
slope
rnke -
depth +
pet +
runoff -
X2 ) +

c. wet study sites

variables in solution sign of coefficient
botcec + R? = 0.87
basesat - F =
elev +
slope +
minn -
rmkc -
X1 . +

131
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<N
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Table 4.

DEPENDENT VARIABLE: CVGRADJ
ANALYSIS OF VARIANCE

SOURCE DF
MODEL 6
ERROR 100
C TOTAL 106
ROOT MSE
DEP MEAN
C.v.

SUM OF
SQUARES
3493357.83
3636464.15
7129821.98
190.6952
783.1307
24 .3503¢6

PARAMETER ESTIMATES

VARIABLE
INTERCEP
BOTCEC
BASESAT
MINN
ELEV
SLOFPE
DEPTH

DE

R =

PARAMETER
ESTIMATE
~417.80649
1.35685565
-2.43507638
-1.91296238
0.14025493
3.02508842
4.83478340

Base model for all sites

(CUBIC VOLUME GROWTH FT3/S5YR)

§Q
58222
36364.6

R-80
ADJ

=3 e el ]

MEAN
UARE
6.30
4153

UARE
R-5Q

STANDARD
ERROR
206.59139
.496048%9
.06602229
.66300242
.02608701
.48201640
-84301905

F VALUE
16.011

0.4900
0.43594

T FOR HO:
PARAMETER=0
~2.022
2.735
-2.284
-2.885
5.376
2.041
5.735

PROB>F
0.0001

PROE > |T|
.0458
L0074
.0245
.0048
L0001
.0439
.0001

L e i e i o [ e i = |

VARIABLE

LABEL
INTERCEPT
CATION EXCHANGE CAPACITY (EQ/M2)
PERCENT BASE SATURATION
MINERALIZABLE NITROGEN {(PPM)
ELEVATIQON (FEET)
SLOPE (PERCENT)
PROFILE DEPTH {CM)
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Table 5.

Base model for dry sites

DEPENDENT VARIABLE: CVGRADJ (CUBIC VOLUME GROWTH FT3/5YR)
ANBLYSIS OF VARIANCE

SOURCE DE

MODEL 4

ERROR 65

C TOTAL 69
ROOT MSE
DEP MEAN
c.v.

SUM OF
SQUARES
2431169.35
3103042, 35
5534211.70
218.4928
785.5227
27.81496

PARAMETER ESTIMATES

VARIABLE DF
INTERCEP 1
BOTCEC 1
BASESAT 1
SLOPE 1
DEPTH 1

PARAMETER
ESTIMATE
295.63675
0.63117850
-6.95603603
10.05677405
4.01962800

MEAN
SQUARE
607792 .34

47739.11308

R-SQUARE
ADJ R-50Q

STANDARD
ERROR
167.37433
0.59417539
1.24115531
2.07457534
1.06514478

F VALUE
12.732
0.4393
0.4048
T FOR HO:

PARAMETER=(

1.766

1.062

-5.604

4.848

3.774

PROB>F
0.0001

PROB >

Lo R i = B o

by

. 0820
L2820
L0001
.0001
. 0004

VARIABLE
LABEL
INTERCEPT

CATION EXCHANGE CAPACITY
PERCENT BASE SATURATION

SLOPE

(PERCENT)

PROFILE DERPTH (CM)

(EQ/M2)
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Table 6. Base model for wet sites

DEPENDENT VARIABLE: CVGRADJ (CUBIC VOLUME GROWTH FT3/SYR)

ANALYSIS OF VARIANCE

SUM OF

SOURCE DF SQUARES

MODEL 4 601159.23

ERROR 32 993252.87

C TOTAL 36 1594452.190

ROOT MSE 176.1793

DEP MEAN 7178.6055

c.V. 22.62755

0PARAMETER ESTIMATES

PARAMETER
VARIABLE DF ESTIMATE
INTERCEP 1 708.48119
BOTCEC 1 2.08713705
BASESAT 1 -4.47522654
ELEV 1 0.01954881
SLOPE 1 -3.16396313

MEAN

SQUARE
150299.81
31039.15205

R-SQUARE
ADJ R-5Q

STANDARD
ERROR
271.86220
1.07707403
1.73506322
0.03891595
2.51507729

F VALUE PROB>F
4.842 0.0036
0.3771
0.299%2
T FOR HO:
PARAMETER=0
2.606
1.938
-2.579
0.502
-1.258

PROB >

Lot R [ o B e |

[Tl

.0138
.0615
.0147
.6189
L2175

VARIABLE

LABETL
INTERCEPT
CATION EXCHANGE CAPACITY (EQ/M2)
PERCENT BASE SATURATION
ELEVATION (FEET)
SLOPE (PERCENT)
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Table 7.

Model with stand varibles only for all sites

DEPENDENT VARIABLE: CVGRADJ
ANALYSIS OF VARIANCE

SQURCE De

HODEL 4

ERROR 103

Z TOTAL L07
ROOT MSE
DEP MEAN
c.v,

PARAMETER ESTIMATES

VARTIABLE
INTERCEP
SITE

BA
RINGSM
TPA,

DF

e

SUM OF

SQUARES
4418414.22
2789283.17
7207697.99

164.5613
785.7267
20.94384

PARBMETER

73.
6.
2.

—-4.

-0

ESTIMATE
10798779
25547266
82722617
24521769

. 30648692

{CUBIC VOLUME GROWTH FT3/5YR)

MEAN

SQUARE
1104603.55
27080.42496

R~S5QUARE
ADJ R-59Q

STANDARD
ERROR
222.24522
1.81391307
0.31807964
1.42331392
0.26252719

F VALUE PROB>F
40.790 0.0001
0.6130
0.5980

T FOR HO:

PARAMETER={
0.329
3.449
8.888
~2.983
-1.167

PROB >
L1429
.0008
L0001
.0036
.2457

oo o oo

1T

VARIABLE
LABEL

INTERCEPT

AVERAGE SITE INDEX

BASAL AREA (FT2)

ESTIMATED AGE (YEARS)

TREES (> 6™) PER ACRE
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Table 8. Model with stand variables only for dry sites

DEPENDENT VARIABLE: CVGRADJ
ANALYSIS OF VARIBNCE

SQURCE DF
MQDEL 4
ERROR 65
C TOTAL 69
ROOT MSE
DEP MEAN
C.V.

SuUM QF
SQUARES
3761485.12
1772726.58
5534211.70
165.1445
785.5227
21.02352

PARAMETER ESTIMATES

VARIABLE DF¥
INTERCEP 1
SITE 1
BA 1
RINGSM 1
TPA 1

PARAMETER
ESTIMATE
-104.72161
8.47408646
3.09890591
-4.69246191
-0.39718376

MEAN
SQUARE

940371.28
27272.71654

R-SQUARE
ADJ R-SQ

STANDARD
ERRCOR
270.34959
2,220356%6
0.40282158
1.684485%6
0.35087734

F VALUE
34.480

(CUBIC VOLUME GROWTH FT3/5YR)

0.6797
0.6600

T FQR HO:
PARAMETER=0
-0.387
3.817
7.693
-2.78¢6
-1.132

PROB>F
0.0001

PROB >

oo OO o

ITI

.6998
.0003
.0001
.0670
.2618

VARIABLE
LABEL

INTERCEPT

AVERAGE SITE INDEX

BASAL AREA (FT2)

ESTIMATED AGE {YEARS)

TREES (> 6") PER ACRE
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Table 9, Model with sband variables only for wet sites

DEPENDENT VARIABLE: CVGRADJ
ANALYSIS OF VARIANCE

SOURCE nF

HODEL 1q

EBRROR 33

C TOTAL 37
ROOT MSE
DEF MEAN
CiVs

SUM OF
SQUARES
490550, 80
TB2927.11
1673478.01
154.02594
TH6.1025
19.59406

PARMMETER ESTIMATES

VARIARLE DF

INTERCEP 1
S51ITE 1
R 1
RINGSHM 1
TPA 1

PARAMETER
ESTIMATE
540.44883
0.87492495
2.7823083)1
=5.13791070
-0.25237009

MEAN
SQUARE

222637.73
23725.06385

R=5QUARE

RDJ R-S0Q

STANDARD
ERROR
3gl.pz2027
3.306908316
0.59379141
2.7625%0038
0.3B029360

(CuBl1C VOLUME GROWTH FT3/Y)}R

F VALUE
9.384 0.0001
00,5322
0.4754
T FOR HO:

PARAMETER=0

1.379

0.265

4.686

-1.860

=0, 664

PROB>F

PROB > |T|
0.1771
0.79390
0.0001
0.0719
0.5115

VARIABLE

LABEL
INTERCEPT
AVERAGE SITE INDEX
BASAL AREA (FTH)
ESTIMATED AGE (YEAHS)
TREES. (> &™) PER ACRE
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Table 10.

DEFENDENT VARIABLE: CVGRADJ
ANALYSIS OF VARTANCE

SUM O

SOURCE DF SQUARES

MODEL L0 5400263.29

ERROR 96 1729558 .69

C TOTAL 106 7129821 .98

ROOT MSE 134.2246

DEP MEAN 783.1307

C.V. 17.13948

PARAMETER ESTIMATES

PARAMETER
YARIABLE DF ESTIMATE
INTERCER 1 -B44.B4078
BOTCEC 1 0.B4648194
BASESAT 1 -2.04906234
MINH 1 -0, 86716536
ELEV 1 0.09165119
SLOPE 1 3.631604990
DEPTH 1 2.43773070
SITE 1 B.36430364
BA 1 1.63059122
RINGSM 1 -0.98678261
TEA 1 =0.09658546

Complete model for all =asites

(CUBIC VOLUME GROWTH ET'/5YR)

MEAN
SQUARE
540026.33
18016,.23637

R-SQUARE
ADJ R=50Q

STARDARD
ERROR
267.314485
0.35524751
0.7717441540
0.49285667
0.02180993
1.08457257
0.64316615
1.70552148
0.32947632
1.47632709
0.221439%64

F VALUE
29,474

0.7574
0.7322

T FOR HO:
PARAMETER=0
=3.1860
2.383
-2.637
-1.759
4.202
3.348
3.790
4.904
4.949
~0.668
-0.436

PROB>F
0,0001

PROB > |T|
0.0021
0.0192
0.0094
0.0817
0.0001
0.0012
0.0003
0.0001
o.0001
0.5055
0.6637

VARIABLE
LABEL
INTERCEPT
CATION EXCHANGE CAPACITY (EQ/M2)
PERCENT BASE SATURATION
MINERALIZABLE NITROGEN (PEM)
ELEVATION (FEET)
SLOPE (PERCENT)
PROFILE DEPTH (CM)
AVERAGE SITE IMDEX
BASAL AREAR (FTY)
ESTIMATED AGE (YEARS)
TREES (> 6") PER ACRE



Table 11. Complete model for dry sites

DEPENDENT VARIAELE:

ANALYSIS COF VARIANCE

SOURCE DE
MODEL 8
ERROR 61
¢ TOTAL 69
ROOT MSE
DEP MEAN
C.v.

SuM QF
SQUARES
4289853.45
1244358.25
5534211.70
142.8262
785.5227
18.18231

PARBMETER ESTIMATES

VARTABLE
INTERCEP
BOTCEC
BASESAT
SLOPE
DEPTH
SITE
RINGSM
Ba

TPA

o
m

e R = i

PARAMETER
ESTIMATE
-350.29797
0.38214532
-2.56101479
6.61164282
1.84588901
8.06185979
-3.72409177
2.47986931
-0.20927057

CVGRADYJ

(CUBIC VOLUME GROWTH ET®/5YR)

MEAN

SQUARE
536231.68
20399.31551

R-SQUARE

ADJ

(== A

R-50Q

STANDARD
ERRCR
273.13441
.40630179
.08438691
.43926954
.79228794
.04959175
.96733742
.4331478%6
.31619205

F VALUE PROB>F
26.287 0.0001
0.7752
0.7457

T FOR HO:

PARRMETER=(
-1.283
0.941
-2.362
4,596
2.330
3.933
-1.893
5.725
-0.662

PROB >

Lo o I o T o Y o R o )

| T

L2045
. 3506
.0214
.0001
.0231
.0002
. 0631
.0001
.5106

VARIABLE
LABEL
INTERCEPT

CATION EXCHANGE CAPACITY
PERCENT BASE SATURATION

SLOPE

(PERCENT)

PROFILE DEPTH (CM)
AVERAGE SITE INDEX
ESTIMATED AGE (YEARS)
BASAL AREA (FTZ)

TREES

(> 6") PER ACRE

{(EQ/M2)
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Table 12. Complete model for wet sites

DEPENDENT VARIABLE: CVGRADJ (CUBIC VOLUME GROWTH FT’/5YR)
ANALYSIS OF VARIANCE

sSUM OF MEAN

SCURCE DF SQUARES SQUARE F VALUE PROB>F
MODEL 8 1275161.19 159895.15 14.200 0.0001
ERROR 28 315290.91 11260.38971
C TQOTAL 36 1594452.10

ROOT MSE 106.115 R-SQUARE 0.8023

DEP MEAN 778.6055 ADJ R-5Q 0.7458

C.v. 13.62885
PARAMETER ESTIMATES

PARRMETER STANDARD T FOR HO: VARIABLE

VARIABLE DF ESTIMATE ERROR PARAMETER=0 PRCB » |T| LABEL
INTERCEP 1 440,42879 4B4.4516% 0.909 0.3710 INTERCEPT
BOTCEC 1 1.45812694 0.77756049 1.875 0.0712 CATION EXCHANGE CAPACITY (EQ/M2)
BASESAT 1 -4.69249958 1.06525802 -4.405 0.0002 PERCENT BASE SATURATION
ELEV 1 0.02072424 0.03366049 0.61l6 0.5431 ELEVATION ({FEET)
SLOPE i -0.92473287 1.84865879 -0.500 0.6208 SLOPE (PERCENT)
SITE 1 2.14986467 3.31964861 0.648 0.5225% AVERAGE SITE INDEX
RINGSM 1 -4.63920160 2.44441982 -1.898 0.0681 BASAL AREA (FT?)
BA 1 2.30139209 0.50004691 4.602 0.0001 ESTIMATED AGE (YEARS)
TPA 1 ~0.15101622 0.29436779 -0.513 0.6120 TREES (> 6") PER ACRE
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